Abstract: We introduce a new "universality class" of artificial optical media -photonic hypercrystals. These hyperbolic metamaterials with periodic spatial variation of dielectric permittivity on subwavelength scale, combine the features of optical metamaterials and photonic crystals. [2] currently represent the primary building blocks for novel nanophotonic devices. With the goal of ultimate control over the light propagation, an artificial optical material must rely on either the effect of a subwavelength pattern that changes the average electromagnetic response of the medium, or on Bragg scattering of light due to a periodic spatial variation that is comparable to the wavelength. By virtue of this inherent scale separation, the corresponding metamaterial and photonic crystal concepts are generally considered mutually exclusive within the same environment.
. The comparison of the effective medium dispersion of a phonic hyper-crystal (a) to the exact solution (b). The hyper-crystal unit cell is formed by 250 nm of In 0.53 Ga 0.47 As : Al 0.48 In 0.52 As semiconductor hyperbolic metamaterial [4] with 5µm plasma wavelength, followed by 250 nm dielectric layer of Al 0.48 In 0.52 As.
This effect on the wave propagation and dispersion by phase space bandgap formation in what is essentially the metamaterial limit, allows for an unprecedented degree of control of light propagation in photonic hyper-crystals. In particular, it offers a solution to the loss vs. confinement conundrum that's been the plague of modern plasmonics. While it was the realization that coupling of photons to charges at metal interfaces allows subdiffraction-limit localization of light that has revived the field of surface plasmons [5] , the subwavelength confinement is also the regime of the highest surface plasmon propagation loss -as it's the strong photon-electron coupling which is the origin of both of these effects.
While there is an alternative mechanism of the optical surface state formation due to Bragg reflection in the band gap of a photonic crystal that is free from high loss, responsible for the so called optical Tamm states [6, 7] , it normally does not lead to a subwavength localization. However, in a photonic hyper-crystal where Bragg reflections and associated band gaps persist into the metamaterial limit (see Fig. 1 ), Tamm mechanism is no longer subject to such limitations. As a results, the surface states in hyper-crystals combine the features of both surface plasmons and optical Tamm states -such as e.g. the wavenumber divergence at the surface plasmon frequency of the former and multiple modes and confinement to the photonic band gaps of the latter, as seen in Fig. 2 (a) ,(b). With Bragg reflections taking a part of the "load" in light confinement, these "hyper-plasmons" show both stronger localization (larger wave numbers) and lower loss at the same time. This behavior is illustrated in Fig. 2(c) where we plot the standard "figure-or-merit" Re [k] / Im [k] proportional to the propagation distance in units of the actual wavelength, vs. the confinement / wavelength compression factor k τ /k 0 . There, the second-and third-order hyperplasmons (red and blue curves respectively) are compared to the regular surface plasmon (black line) at the interface of the same materials as those forming the hyper-crystal (doped InGaAs as the "metal" and AlInAs as the dielectric). Note that, with the same material loss, the hyper-plasmons show more than an order-of-magnitude improvement in propagation distance at the same degree of localization, and more than a factor of three enhancement of maximum accessible wavenumber.
Finally, while the hyper-crystal supporting hyper-plasmons introduced in the present work, represents an extra level in the device complexity, its fabrication does not require anything beyond the standard methods used in metamaterials community [1, 4] . Offering an improvement in both the propagation distance and light localization, the proposed "hyper-plasmonics" can therefore find many applications.
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